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(54) Locating joints in coiled tubing operations 

(57) An apparatus for locating joints in coiled tubing 
operations, and for use during reverse circulating and 
fracturing operations, has a central passageway (72) for 
fluids, a collar locator module (28), a one-way valve (82) 
coupled to the central passageway to allow for the flow 
of fluids in one direction but not the other, a port (83) 
coupled to the central passageway to allow fluids to exit 
when the one-way valve is functioning, a movable cover 
module (84) to cover the port to build up pressure in the 
central passageway, and a flow diverting module (85) 
for permanently diverting the flow of fluids from the port 
to the central passageway. 
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Description 

[0001] The present invention relates generally to sub- 
terranean pipe string joint locators, and specifically to 
an apparatus and methodfor locating joints in coiled tub- 5 
ing operations. 

[0002] In the drilling and completion of oil and gas 
wells, a wellbore is drilled into the subterranean produc- 
ing formation or zone of interest A string of pipe, e.g., 
casing, is typically then cemented in the wellbore, and 10 
a string of additional pipe, known as production tubing, 
for conducting produced fluids out of the wellbore is dis- 
posed within the cemented string of pipe. The subterra- 
nean strings of pipe are each comprised of a plurality of 
pipe sections which are threadedly joined together. The 15 
pipe joints, often referred to as collars, are of an in- 
creased mass as compared to other portions of the pipe 
sections. 

[0003] After a well has been drilled, completed and 
placed in production, it is often necessary to service the 20 
well using procedures such as perforating, setting plugs, 
setting cement retainers, spotting permanent packers, 
reverse circulating fluid and fracturing. Such procedures 
may be carried out by utilizing coiled tubing. Coiled tub- 
ing is a relatively small flexible tubing, usually one to 25 
three inches in diameter, which can be stored on a reel 
when not being used. When used for performing well 
procedures, the tubing is passed through an injector 
mechanism, and a well tool is connected to the end of 
the tubing. The injector mechanism pulls the tubing from 30 
the reel, straightens the tubing and injects it through a 
seal assembly at the wellhead, often referred to as a 
stuffing box. Typically, the injector mechanism injects 
thousands of feet of the coiled tubing with the well tool 
connected at the bottom end into the casing string or the 35 
production tubing string of the well. A fluid, most often 
a liquid such as salt water, brine or a hydrocarbon liquid, 
is circulated through the coiled tubing for operating the 
well tool or other purpose. The coiled tubing injector at 
the surface is used to raise and lower the coiled tubing 40 
and the well tool during the service procedure and to 
remove the coiled tubing and well tool as the tubing is 
rewound on the reel at the end of the procedure. 
[0004] During such operations, it is often necessary 
to precisely locate one or more of the pipe joints of the 45 
casing, a liner or the production tubing in the well. This 
need arises, for example, when it is necessary to pre- 
cisely locate a well tool, such as a packer, within one of 
the pipe strings in the wellbore. A joint locator tool may 
be lowered into the pipe string on a length of coiled tub- so 
ing, and the depth of a particular pipe joint adjacent to 
or near the location to which the tool is positioned can 
be readily found on a previously recorded casing joint 
or collar log for the well. However, such joint locator tools 
often do not work well in many oil field operations such 55 
as reverse circulating and fracturing. What is needed 
therefore, is a joint locator tool that can work in reverse 
circulation or fracturing operations. 



[0005] In one aspect, the present invention provides 
a downhole tool for attachment in a production string in 
a well bore having a casing comprising: a housing hav- 
ing a first fluid passage and a longitudinal axis; a valve 
coupled to the housing, the valve adapted to substan- 
tially block a flow of fluid through the first fluid passage 
in a first direction; a second fluid passage positioned 
through the housing in communication with the first fluid 
passage to permit the flow of fluid to exit through the 
second fluid passage; a movable cover module coupled 
to the first fluid passage such that in response to a first 
electrical signal the movable cover module substantially 
blocks the flow of fluid to the second fluid passage; and 
a flow diverting module positioned within the first fluid 
flow passage such that in response to an increase In 
fluid pressure the flow diverting module diverts the flow 
of fluid from the second fluid passage to the first fluid 
passage. 

[0006] In a second aspect, the invention provides a 
dowhole tool for for attachment in a production string in 
a well bore comprising; a means for detecting joints in 
a casing; a means for signaling the detection of Joints in 
the casing; a means for selectively allowing backwash- 
ing operations; and a means for selectively allowing 
fracturing operations. 

[0007] The invention also provides a method of frac- 
turing a well having tubing positioned in a well casing, 
the method comprising: coupling a joint-locating tool to 
a lower end of the tubing, the joint-locator tool having a 
throughbore, a collar locator module, an exit port, a one- 
way valve, and a modeswrtching module; injecting fluid 
at afirst predetermined rate into the tubing such thatthe 
joint-locator tool operates in a jointlocator mode to de- 
tect the presence of joints in the well casing; inducing 
the mode-switching module to switch from the joint-lo- 
cator mode to a fracturing mode; and injecting fracturing 
fluids into the tubing and through the joint-locator tool 
such that the well can be fractured. 
[0008] The invention further provides a method of re- 
moving debris from a well bore having tubing positioned 
in well casing, the method comprising: coupling a joint- 
locating tool to a lower end of the tubing, the joint-locator 
tool having a througbore, a fluid ejection port, a collar 
locator module, a one-way valve, and an exit port; in- 
jecting fluid into the tubing such thatthe jointlocator tool 
operates in a joint-locator mode to detect the presence 
of joints in the well casing; and injecting fluid between 
the well casing and the tubing to operate the joint-locator 
tool in a back-washing mode to remove debris in the 
well. 

[0009] In order that the invention may be more fully 
understood, reference is made to the accompanying 
drawings, wherein: 

Fig. 1 is a schematic illustration of a cased well hav- 
ing a string of production tubing and a length of 
coiled tubing. 

Fig. 2 is a longitudinal cross section of one embod- 
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iment of the present invention. 

Fig. 3a is a longitudinal cross section illustrating the 

upper one-third of the embodiment illustrated in Fig . 

2. 

Fig. 3b is a longitudinal cross section illustrating the 
middle one-third of the embodiment illustrated in 
Fig. 2. 

Fig. 3c is a longitudinal cross section illustrating the 
lower one-third of the embodiment illustrated in Fig. 
2. 

Fig. 4a illustrates a portion of a wiring schematic for 
a printed circuit board which may be used in one 
embodiment of the present invention. 
Fig. 4b illustrates a portion of a wiring schematic for 
a printed circuit board which may be used in one 
embodiment of the present invention. 
Fig. 5a is a longitudinal cross section of the embod- 
iment illustrated in Fig. 3c showing the embodiment 
functioning in a reverse circulation mode. 
Fig. 5b is a longitudinal cross section of the embod- 
iment illustrated in Fig. 3c showing the embodiment 
functioning in a joint logging mode. 
Fig. 5c is a longitudinal cross section of the embod- 
iment illustrated in Fig. 3c showing the embodiment 
functioning in fracturing mode. 

[0010] Referring now to FIG. 1 , a well 10 is schemat- 
ically illustrated along with a coiled tubing injector 1 2 and 
a truck mounted coiled tubing reel assembly 14. The 
well 1 0 includes a wellbore 1 6 having a casing string 1 8 
cemented therein in a conventional manner. A string of 
production tubing or "production string" 20 is also shown 
installed in well 10 within casing string 18. Production 
string 20 may be made up a plurality of tubing sections 
22 connected by a plurality joints or collars 24 in a man- 
ner known in the art. 

[0011] A length of coiled tubing 26 is shown posi- 
tioned in production string 20. One embodiment of the 
present Invention uses a tubing collar or joint locator 
which is generally designated by the numeral 28 and is 
attached to the lower end of the coiled tubing 26. One 
or more well tools 30 may be attached below the joint 
locator 28. 

[0012] The coiled tubing 26 is inserted into the well 10 
by the injector 12 through a stuffing box 32 attached to 
an upper end of the production string 20. The stuffing 
box 32 functions to provide a seal between the coiled 
tubing 26 and the production string 20 whereby pressu- 
rized fluids within the well 1 0 are prevented from escap- 
ing to the atmosphere. A circulating fluid of removal con- 
duit 34 having a shutoff valve 36 therein may be seal- 
ingly connected to the top of the casing string 18. Fluid 
circulated into the well 10 through the coiled tubing 26 
is removed from the well 1 0 through the conduit 34 and 
a valve 36 and routed to a pit, tank or other fluid accu- 
mulator. A coiled tubing annulus 37 may also be defined 
to be between the coll tubing 26 and the production 
string 20. 



[0013] The coiled tubing injector 12 may be of a kind 
known in the art and functions to straighten the coiled 
tubing 26 and inject it into the well 1 0 through the stuffing 
box 32 as previously mentioned. The coiled tubing in- 

5 jector 1 2 comprises a straightening mechanism 38 hav- 
ing a plurality of internal and a coiled tubing drive mech- 
anism inserting the coiled tubing 26 into coiled tubing 
26 or lowering it removing the coiled tubing 26 from the 
rewound on the reel assembly 14. A depth 44 is con- 

10 nected to the drive mechanism 42 and functions to con- 
tinuously measure the length of the coiled tubifig 26 
within the well 1 0 and provide that information to an elec- 
tronic data acquisition system 46 which is part of the reel 
assembly 14 through an electric transducer (not shown) 

1 5 and an electric cable 48. I 

[0014] The truck mounted reel assembly 14 may In- 
clude a reel 50 on which the coiled tubing 26 is wound. 
A guide wheel 52 may also be provided for guiding 
coiled tubing 26 on and off reel 50. A conduit assembly 

20 54 is connected to the end of coiled tubing 26 on reel 
50 by a swivel system (not shown). A shut-off valve 56 
is disposed in conduit assembly 54, and the conduit as- 
sembly is connected to a fluid pump (not shown) Which 
pumps fluid to be circulated from the pit, tank oriother 

25 fluid communicator through the conduit assembly and 
into coiled tubing 26. A fluid pressure sensing device 
and transducer 58 may be connected to conduit assem- 
bly 54 by guide rollers 40 therein 42 which may be, used 
for the well 10, raising the within the well, and well 10 

30 as it is measuring device connection 60, and thejpres- 
sure sensing device may be connected to data acquisi- 
tion system 46 by an electric cable 62. As will be under- 
stood by those skilled in the art, data acquisition system 
46 functions to continuously record the depth of coiled 

35 tubing 26 and joint locator 28 attached thereto in the well 
10 and also to record the surface pressure of fluid being 
pumped through the coiled tubing and joint locator as 
will be further described below. i 
[0015] The basic sections and functional modules of 

4o one embodiment of the joint locator 28 will be discussed 
with reference to Fig. 2. The joint locator 28 has aniouter 
housing 68 which is generally cylindrical in shape and 
encloses the various modules and components of one 
embodiment of the present invention. At the upper end 

45 of the outer housing 68 is an upper connecting sub 70 
which is adapted to, be connected to the bottom of the 
coiled tubing 26. A top opening 71 is concentrically lo- 
cated in the upper connecting sub 70. The top opjenlng 
71 defines an end of a first fluid passageway or central 

50 throughbore 72 which generally runs through the joint 
locator 28 along a vertical or longitudinal axis 74: 
[001 6] Positioned below the upper connecting siiib 70, 
and located within the outer housing 68, is a collarj loca- 
tor module 76 which is a module designed to detect lo- 

55 cation of collars or joints within the well casing. Although 
a number of technologies could be used, the collar lo- 
cator module 76 discussed in reference to the illustrative 
embodiment uses the principal of Faraday indulction. 
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Such technology employs a strong magnet to generate 
a magnetic field and a coil in which a voltage is induced 
due to the motion of the coil through the magnetic field 
perturbation caused by the magnetic discontinuity cre- 
ated by a gap between two sections of casing. The gap 
in the casing indicates the presence of a joint or collar 
in the casing. The collar locator module 76 may be cou- 
pled to a power source, such as a battery pack 78. In 
the illustrative embodiment, an electronic controller 79 
is coupled to the battery pack 78. As will be explained 
in more detail below, the electronic controller 79 con- 
tains the circuits and control chips for determining when 
the magnetic discontinuity represents a joint and gener- 
ates an electrical signal in response to such a determi- 
nation. A coil and magnet section 80, containing a mag- 
net and coil, may be positioned within the outer housing 
68 and below the battery pack 78. The coil and magnet 
section 80 is in electronic communication with the bat- 
tery pack 78 and the electronic controller 79. Thus, in 
the illustrative embodiment, the collar locator module 76 
comprises the battery pack 78, the electronic controller 
79, the coil and magnet section 80, and the associated 
wiring (not shown) between the components. 
[001 7] A mechanical section 81 may be located within 
the outer housing 68 and below the coil and magnet sec- 
tion 80. As will be explained in detail below, the mechan- 
ical section 81 contains a plurality of fluid passages, 
valves and ports which mechanically control the fluid 
flow and, thus operation of the joint locator 28. For in- 
stance, a one-way valve is coupled to the interior of the 
central throughbore 72. In the illustrative embodiment, 
the one-way valve is a flapper valve 82. However, other 
forms of one-way valves could be employed. The flap- 
per valve 82, when used in a "backwashing" mode, al- 
lows fluid to flow in an upwardly direction through the 
central throughbore 72. In another operational mode, 
the flapper valve 82 is normally biased to prevent fluid 
from flowing in a downwardly direction. Under these 
conditions, the fluid may exit through a second fluid pas- 
sage, such as an exit port 83. Under other operational 
modes, a movable cover module 84 inside the central 
throughbore 72 operates to block the flow of fluid from 
entering the exit port 83, resulting in an increase in pres- 
sure within the central throughbore 72. Under yet other 
operating conditions, a separate flow diverting module 
85 operates to divert the flow of fluid from the exit port 
83 and forces the fluid to flow through the flapper valve 
82 and through central throughbore 72. 
[0018] Turning now to Fig. 3a, the details of one em- 
bodiment will be discussed. As previously discussed, 
the upper connecting sub 70 may be adapted for con- 
necting to a well string in a conventional manner. For 
instance, in one embodiment, the upper connecting sub 
70 may have a threaded inside surface 88 to connect to 
a tool string or coiled tubing 26. A lower end of the upper 
connecting sub 70 may be connected to a cylindrical 
shaped electronic housing 90 by means of a threaded 
connection 92. A sealing means, such as a plurality of 



O-rings 94a-94b provide a sealing engagement be- 
tween the upper connecting sub 70 and the electronic 
housing 90. In the illustrative embodiment, the electron- 
ic housing 90 is a subsection of the outer housing 68 
5 and encases the battery pack 78 and the electronic con- 
troller 79. 

[0019] Also coupled to the bottom portion of the upper 
connecting sub 70 is an upper flow tube 96 running 
down from the upper connecting sub 70 to an upper tran- 

10 sition sub 98 (Fig. 3b). The upper flow tube 96 defines 
a portion of the central throughbore 72. A pair of O-rings 
1 00a- 1 00b provide a sealing engagement between the 4 
flow tube 96 and the upper connecting sub 70. 
[0020] In the illustrative embodiment, the battery pack 

15 78 is generally cylindrical in shape. The battery pack 78 
may comprise a battery housing 102 with a plurality of 
tubular battery chambers (not shown). At an upper end 
of the battery housing 1 02 is a battery pack cap assem- 
bly 104a which may contain a separate waferboard 

20 104b, or in alternative embodiments contain integrated 
power leads. In the illustrative embodiment, the wafer- 
board 1 04b may contain power leads from each battery 
chamber so that each battery chamber may be connect- 
ed in a conventional manner. An electric power source, 

25 such as a plurality of batteries may be disposed in each 
battery chamber. In the illustrative embodiment, there 
are eight battery chambers with four batteries in each 
chamber and each battery is an AA size battery At the ;i 
lower end of the battery housing 1 02 is a lower end cap J 

30 assembly 1 05a containing a spring housing 1 05b, a low- ± 
er end cap 105c, and waferboard 105d. The spring 
housing contains a spring (not shown) to bias the bat- 
teries in a conventional manner so the proper electrical 
connections are made between the batteries and the 

35 end caps. 

[0021] An outer surface 106 of the battery housing 
102 is flat to create a space 107 for the electronic con- 
troller 79 (Fig. 2), which in one embodiment, may be a 
printed circuit board (PCB) 108. The printed circuit 

40 board 1 08 may be attached to the surface 1 06 by means 
of a plurality of screws 1 1 0a and 1 1 0b. The details of the 
printed circuit board 108 are discussed below in refer- 
ence to Fig. 4. 

[0022] A top screw 111a may be used to connect a top 
45 spacer 112a to the various components of the battery 

pack cap assembly 1 04a and to the battery back hous- «j 
ing 1 02. Similarly a bottom screw 111b may be used to >j 
connect a bottom spacer 112b to the various compo- _ ^ 
nents of the lower end cap assembly 105a and to the 
50 battery pack housing 102. Thus, the battery pack cap 
assembly 1 04a, battery housing 1 02, and lower end cap 
assembly 105a may form a single electric case 114 
which houses the printed circuit board 1 08 and the pow- 
er source. The electric case 114 may then be easily re- 
55 moved from electronic housing 90 by disconnecting the 
upper connecting sub 70 and sliding the electric case 
1 1 4 out over the upper flow tube 96. This provides easy 
battery replacement and facilitates replacement or 
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reconfiguration of the printed circuit board 108. 
[0023] A contact insulator 1 24 may be disposed below 
the electrical case 1 1 4. The contact insulator 1 24 hous- 
es a plurality of probe contacts (not shown). A probe 
housing 126 is positioned below the contact insulator 
124 and houses a plurality of probes (not shown) corre- 
sponding to the probe contacts. A set of probes and cor- 
responding probe contacts allow for an electrical con- 
nection between the printed circuit board 108 and an 
electromagnetic coil assembly 130. A set of wires (not 
shown) run between the probe contacts and the printed 
circuit board 1 08. Another set of wires (not shown) also 
run between the other set of probes and the electromag- 
netic coil assembly 130. Thus, when the probes are in 
contact with the probe contacts, an electrical connection 
may be formed between the printed circuit board 108 
and the electromagnetic coil assembly 130 via the other 
set of probes, the corresponding probe contacts, and 
the associated wiring. Since the probes, probe contacts 
and associated wires are conventional, they will not be 
described in further detail. 

[0024] Similarly, another set of probes and the corre- 
sponding probe contacts allow for an electrical connec- 
tion between the printed circuit board 108 and a solenoid 
valve assembly 1 32 (Fig. 3b). A set of wires (not shown) 
run between the probe contacts and the printed circuit 
board 108. Another set of wires (not shown) also run 
between the probes and the solenoid valve assembly 
1 32. Thus, when the probes are in contact with the probe 
contacts, an electrical connection may be formed be- 
tween the printed circuit board 108 and the solenoid 
valve assembly 132 via the probes, the corresponding 
probe contacts, and the associated wiring. 
[0025] In the illustrative embodiment, a lower end of 
the electronic housing 90 is coupled to a generally cy- 
lindrical coil housing 118 by a threaded connection 1 20. 
The coil housing 118 is also a subsection of the outer 
housing 68. A plurality of O-rings 133a-133b provide for 
a seal between the electronic housing 90 and the coil 
housing 118. A spring 134 may be positioned between 
the probe housing 126 and a washer 138 in the coil 
housing 118 to provide a biasing means for biasing the 
probes and contact probes upwardly. It will be seen by 
those skilled in the art that biasing in this manner will 
keep each probe contact in electrical contact with the 
corresponding probe. In this way, the proper electrical 
connection is made between the printed circuit board 
1 08 and the electromagnetic coil assembly 1 30 and also 
with the solenoid valve assembly 132. 
[0026] Turning now to Fig. 3b, the electromagnetic 
coll assembly 130 is positioned in coil housing 118 be- 
low the washer 138. In the illustrated embodiment, the 
electromagnetic coll assembly 130 is of a kind generally 
known in the art having a coil, magnets and rubber 
shock absorbers (not shown). The electromagnetic coil 
assembly 130, the battery pack 78, the printed circuit 
board 108 and the probes are part of the collar locator 
module 76 used in the illustrative embodiment. 



[0027] As seen in Figs. 3a and 3b, the upper flow tube 
96 extends downwardly from the upper connectinjg sub 
70 to the upper transition sub 98, where it is coupled to 
the upper transition sub 98. A sealing means suph as 

5 plurality of Orings 1 42a and 1 42b provide a sealing en- 
gagement between the upper transition sub 98 arid the 
upper flow tube 96. In the illustrative embodiment, the 
coil housing 1 18 is a Isoconnectedtot he upper transition 
sub 98 by means of a threaded connection 144. A plu- 

10 rality of O-rings 146a and 146b provide a sealing en- 
gagement between the coil housing 118 and the Upper 
transition sub 98. : 
[0028] A bore 1 48 is axially located in the upperi tran- 
sition sub 98. The bore 148 forms a portion of the 

15 throughbore 72 and is in communication with the interior 
of the upper flow tube 96. The bore 1 48 has a top portion 
1 50 which is substantially axially centered along thje ver- 
tical axis 74 of the joint locator 28. The bore 143 also 
has an angularly disposed central portion 152 corjnect- 

20 ing to a longitudinally extending lower portion 154. jThus, 
lower portion 154 of bore 148 is off center with re'spect 
to the top portion 1 50 and the central axis of joint Icicator 
28. | 
[0029] A lower flow tube 156 extends into the lower 

25 portion 154 of the bore 148 and connects to the upper 
transition sub 98. A sealing means, such as an O-ring 
159, provides sealing engagement between the lower 
flow tube 156 and the upper transition sub 98. The bot- 
tom end of lower flow tube 1 56 extends into a bore 160 

30 in a lower transition housing 161. A sealing means,] such 
as an O-ring 162, provides sealing engagement be- 
tween the lower flow tube 1 56 and the lower transition 
housing 161 . 

[0030] A solenoid valve housing 164, which is a sub- 

35 component of the outer housing 68, may be positioned 
below the upper transition sub 98. The solenoid valve 
housing 1 64 may be coupled to the upper transition sub 
98 by means of a threaded connection 166. Although in 
the illustrative embodiment, the solenoid valve housing 

40 164 is generally cylindrical, the bottom portion 1|70 of 
the solenoid valve housing 164 is stepped radially In- 
wardly to create a seat 172. An upper rim 174 of the 
lower transition housing 161 fits on the seat 172. Thus, 
the bottom portion 170 of the solenoid valve housing 164 

45 surrounds an exterior surface 1 76 of the lower transition 
housing 161 to create a threaded connection with the 
solenoid valve housing 164. A sealing means, suph as 
a plurality of Orings 178a and 178b provides a sealing 
engagement between the solenoid valve housing 164 

so and the lower transition housing 1 61 . 

[0031] The solenoid valve assembly 132, which may 
be disposed within the solenoid valve housing 1 64; may 
be of a kind known in the art having an electric solenoid 
182 which actuates a valve portion 184. The solenoid 

55 valve assembly 1 32 may be adapted for coupling to fluid 
passageways 186 and 188 in the lower transition hous- 
ing 1 61 . The solenoid valve assembly 1 32 may also be 
adapted for connecting to a plurality of vent ports jl 90a 
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and 190b, which are disposed in the solenoid valve 
housing 164. The solenoid valve assembly 132 may be 
configured and positioned so that when it is in a closed 
position, communication between the passageway 186 
and passageway 1 88 is prevented. In this situation, pas- 
sageway 188 is in communication with vent ports 190a 
and 190b. When solenoid valve assembly 132 is in the 
open position, the passageway 186 and the passage- 
way 1 88 are placed in communication with one another, 
and the passageway 188 is no longer in communication 
with the vent ports 190a and 190b. 
[0032] As shown in Fig. 3C, the bore 160 is part of the 
centra! throughbore 72 and is in communication with the 
interior of the lower flow tube 156. The bore 160 has a 
top portion 191 which extends longitudinally to an angu- 
larly disposed central portion 192. The central portion 
192 connects to a substantially axially centered lower 
portion 194. Thus, the top portion 191 of bore 160 is off 
center with respect to the lower portion 194 and the cen- 
tral axis 74 of illustrated embodiment. 
[0033] As previously discussed, the lower transitional 
housing 161 has the passageway 186 extending be- 
tween an opening 1 95 on the inside surface of the cen- 
tral portion 192 and an upper surface 198. A screen 196 
covers the opening 1 95 to prevent the passageway 1 86 
from becoming clogged. The passageway 188 extends 
between the upper surface 1 98 and a lower surface 200 
of the lower transitional housing 161 . The lower end of 
the passageway 1 88 is in communication with a top sur- 
face 202 of a piston 204. As will be explained in refer- 
ence to the operation, when the passageway 188 is in 
fluid communication with the central throughbore 72 via 
the solenoid valve assembly 132, fluid flows down the 
passageway 1 88 exerting a pressure on the top surface 
202 of the piston 204. 

[0034] The solenoid valve housing 1 64 is stepped ra- 
dially inwardly to form an external shoulder 206. A piston 
housing 208 is positioned below the external shoulder 
206 and may be threadedly attached to the solenoid 
valve housing 1 64. The piston housing 208 is a subcom- 
ponent of the outer housing 68. A sealing means, such 
as an O-ring 210, provides sealing engagement be- 
tween the solenoid valve housing 164 and the piston 
housing 208. A split ring assembly having two split ring 
halves 212a and 212b fits in a groove 214 defined on 
the outside of lower transition housing sub 161 . It will be 
seen by those skilled in the art that split ring assembly 
thus acts to lock the lower transition housing sub 161 
with respect to solenoid valve housing 164. An O-ring 
213 may be used to hold the halves 212a and 212b of 
the split ring in the groove 214 during assembly. 
[0035] A circulating sub 216, which is generally cylin- 
drical in shape, is disposed below the piston housing 
208. The circulating sub 21 6 has a threaded exterior sur- 
face 21 8 to connect to the threaded interior surface 220 
of the piston housing 208. 

[0036] A bottom sub housing 224 is disposed below 
the circulating sub 216. In the illustrated embodiment, 
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the bottom sub housing 224 is generally cylindrical in 
shape and has a threaded interior surface 225 to couple 
to an exteriorthreaded surface 228 of the circulating sub 
216. A sealing means, such as an O-ring 230, may be 

5 used to provide a seal between the circulating sub 216 
and the bottom sub housing 224. The bottom sub hous- 
ing 224 has an abrupt narrowing of the Interior bore 226 
to create a seat 231 . A bottom portion 232 of the bottom 
sub housing 224, may be adapted to be coupled to an- 

10 other well tool in a conventional manner. For instance, 
the bottom portion has an opening 233 to accept well 
fluids from other well tools. In some embodiments, the 
exterior of the bottom portion 232 is tapered and has an 
exterior threaded surface 234 to connect to other well 

15 tools. 

[0037] The piston 204 is slidably disposed within the 
piston housing 208. The piston 204 is stepped to form 
a first outside diameter 236 and a second outside diam- 
eter 238 to create spring chamber 240 disposed within 
the piston housing 208. In the illustrative embodiment, 
the piston 204 also has a third diameter 242 which will 
fit within a top bore 244 of the circulating sub 216. A 
sealing means, such as 0-ring 246 provides sealing en- 
gagement between the piston 204 and the piston hous- 
ing 208. Another sealing means, such as 0-ring 248, 
provides sealing engagement between the piston 204 
and the circulating sub 216. 

[0038] A biasing means, such as spring 250 is posi- 
tioned between a downwardly facing shoulder 252 on 
the piston 204 and an upper end of the circulating sub 
21 6. In the illustrative embodiment, the spring 250 bias- 
es the piston 204 upwardly towards the lower surface 
200 of the lower transition housing sub 1 61 . A vent port 
254 is located within the wall of the piston housing 208 
to equalize the pressure between spring chamber 240 
and the well annulus 37 (Fig. 1 ). It will be seen by those 
skilled in the art that, when in use, the well annulus pres- 
sure is thus applied to the area of the shoulder 252 on 
the piston 204. It will also be seen that the top surface 
202 of the piston 204 is in communication with the pas- 
sageway 188 of the lower transition housing sub 161. 
[0039] The piston 204 is hollow having afirst bore 256 
therein and a larger second bore 258. The first bore 256 
is part of central throughbore 72. A cylindrical neck 260 
of the lower transition housing sub 161 extends into the 
second bore 258. A sealing means, such as an 0-ring 
262, provides sealing engagement between piston 204 
and neck 260. 

[0040] A cylindrical flapper sleeve 264 fits within a 
concentric bore of the circulating sub 216. A sealing 
means, such as a pair of 0-rings 266a and 266b, pro- 
vides a seal between the flapper sleeve 264 and the cir- 
culating sub 216. The transverse exit port 83 runs 
through a wall of the circulating sub 21 6 and the flapper 
sleeve 264. A nozzle 270 may be threaded into the exit 
port 83 to control the flow of fluid exiting through the exit 
port 83. In the position of piston 204 shown in Fig 3c, 
the piston 204 is disposed above the exit port 83. In this 
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position, fluid moving down the central throughbore 72 
may exit through the exit port 83. 
[0041] As discussed previously In reference to Fig. 2, 
a one-way valve, such as a flapper valve or flapper 82 
is hingedly coupled to the inside of the flapper sleeve 
264. In the illustrative embodiment, a pair of elongated 
slots 272 (only one of which is shown in Fig. 3c), is de- 
fined in the wall of the flapper sieeve 264 to allow the 
flapper 82 to swing about a hinge 274 from a horizontal 
position to a substantially vertical position, as shown in 
Fig. 5A. A biasing means, such as a spring (not shown) 
surrounding a hinge pin of hinge 274 may bias the flap- 
per 82 in a closed position. The flapper 82 may be a 
hollow cylinder enclosing a rupture disk 276. The func- 
tion of the rupture disk 276 will be discussed below in 
reference to the operation. 

[0042] In the illustrative embodiment, a flapper seat 
278 provides a seat for the flapper when the flapper is 
in the horizontal position. The flapper seat is disposed 
within a flapper seal retainer 280. The flapper seal re- 
tainer 280 is generally cylindrical in shape and is dis- 
posed within a central bore 282 of the circulating sub 
216. A sealing means, such as an O-ring 288, provides 
sealing engagement between the flapper seal retainer 
280 and the circulating sub 216. A groove 283 runs 
along the lower exterior surface of the flapper seal re- 
tainer 280. A snap ring 284 fits within the groove 283. 
The flapper seal retainer 280 may be vertically retained 
in place with respect to the circulating sub 216 by a 
shearing mechanism, such as shear pins 286a and 
286b. 

[0043] Referring now to FIGS. 4A and 4B, there is pre- 
sented a schematic of one embodiment of an electrical 
circuit 290 used by one embodiment of the present in- 
vention. In the illustrative embodiment, most of electrical 
circuit 290 may be on printed circuit board 108. Power 
for circuit 290 is provided by battery pack 78. For a de- 
tailed description of the electrical circuit 290, see U.S. 
Patent Number 6,253,842, entitled Wireless Coiled Tub- 
ing Joint Locator, which is hereby fully incorporated by 
reference. 

[0044] The illustrative embodiment of the present in- 
vention operates in three separate modes. In a first 
mode or "reverse circulation" mode, the embodiment 
operates in a reverse flow mode to allow for "backwash- 
ing" operations within the well annulus 37. In a second 
mode or "joint logging" mode, the embodiment operates 
as a conventional joint locator to locate joints and to al- 
low the location of these joints to be recorded. Finally, 
in a third mode or "fracturing mode" the embodiment al- 
lows well fracturing operations to proceed. Each of 
these modes will be discussed in detail below. 

The Reverse Circulation Mode 

[0045] During well operations, debris often becomes 
trapped in the coil tubing annulus 37. In order to remove 
the debris, it may be necessary to pump fluid down the 
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well annulus 37 and up through the production string 20. 
Such a procedure is known in the art as "reverse circu- 
lation.' 1 

[0046] Referring now to Fig. 5a, the direction of fluid 
5 during a backwashing operation will initially be (^own- 
wards along the outside of the joint locator tool 28iln the 
direction shown by arrows 300a and 300b. The fluid 
eventually is pumped back up the tool string and enters 
the joint locator tool at the opening 233 in an upwardly 
10 direction 302. The pressure of the rising fluid wili then 
force the flapper 82 into a substantially vertical position 
as illustrated in Fig. 5a, which will allow the fluid to con- 
tinue to travel up through the central throughbore 72 and 
on up the coiled tubing. Although the flapper 82 is| used 
15 in the illustrated embodiment it is important to realize 
that this use is not byway of limitation and other embod- 
iments may use different types of one-way valves. 

Joint Logging Mode ! 
20 i 

[0047] Referring to Fig. 1 , in all operational modes the 
joint locator 28 may be attached to the coiled tubing 26 
at the top connecting sub 70 as previously described. A 
well tool 30 may also be connected below joint locator 

25 28 at the bottom sub housing 224. The coiled tubing 26 
may be injected into well 10 and may be raised Within 
the well using injector 12"in the known manner with cor- 
responding movement of joint locator 28. Thus, jo'tnt lo- 
cator 28 may be raised and lowered within production 

30 string 20. 1 

[0048] Referring to Fig. 2, when operating in the joint 
logging mode, the well fluid is pumped down the coiled 
tubing 26 and enters the joint locator 28 through the top 
opening 71 , as shown by arrow 296. The fluid, therefore 

35 flows through the central throughbore 72 until it reaches 
the flapper 82. In the illustrative embodiment, the flapper 
82 is in a horizontal position which prevents fluid from 
exiting through the opening 233 (Fig. 3c). Thejfluid, 
therefore, exits through the second passageway or the 

40 exit port 83 in a lateral direction, as represented by arrow 
298. The flow rate used by one embodiment during the 
joint logging mode is in the .75 to 1.0 barrel/rrjinute 
range. This pumping rate creates a backpressure of 300 
to 400 psi within the central throughbore 72 of the em- 

45 bodiment. 

[0049] As joint locator 28 passes through a tubing or 
casing joint, the change in metal mass disturbs thejmag- 
netic field around the electromagnetic coil assembly 130 
(Fig. 3b). This disturbance induces a small amount of 

50 voltage in the coil, and this voltage spike travels to the 
printed circuit board 108 (Fig. 3a). Detection logic onthe 
printed circuit board 108 decides whether the voltage 
spike is sufficient in size to represent a collar. If the spike 
is too small, the printed circuit board 108 does njot re- 

55 spond to the spike. If the spike is large enough to exceed 
the threshold on the board, the circuit board allows the 
battery voltage to be routed to the solenoid valye as- 
sembly 132 (Fig. 3b). ! 
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{0050] Once battery power is supplied to solenoid 
valve assembly 132, the valve portion 184 is actuated 
by the electric solenoid 182 to place the passageway 
186 in communication with the passageway 188 of the 
lower transition housing sub 161 . In the illustrative em- 
bodiment, this power is applied to solenoid valve assem- 
bly 132 for a period of approximately 2.9 seconds. 
[0051] Turning now to Fig. 3c, the actuation of sole- 
noid valve assembly 132 briefly places the fluid pressure 
in the central throughbore 72 in communication with the 
top surface 202 of the piston 204 within the piston hous- 
ing 208 via the passageways 186 and 188. The fluid 
pressure in spring chamber 240 is at annulus pressure 
because of vent ports 254. Therefore, the higher internal 
pressure of the centra! throughbore 72 (i.e., in one em- 
bodiment, this is about 300 to 400 psi) applied to the top 
surface 202 of the piston 204 forces the piston 204 
downwardly such that it acts as a valve means which 
covers the exit port 83 in the circulating sub 216. This 
situation is illustrated in Fig. 5b which shows the piston 
204 in a downward position to cover access to the exit 
port 83. This blocking of the exit port 83 causes a surface 
detectable pressure increase in the fluid in the central 
throughbore 72 fluid since the fluid no longer flows 
through the exit port 83. The operator will know the 
depth of joint locator 28 and thus be able to determine 
the depth of the pipe joint just detected. 
[0052] When the solenoid valve assembly 1 32 reclos- 
es, fluid is no longer forced into a piston chamber 304 
(defined as the space between the top surface 202 of 
the piston 204 and the lower surface 200 of the lower 
transitional housing 161). Fluid in the piston chamber 
304 may be forced back-up passageway 188 and exit 
through the vent ports 190a and 190b. The spring 250, 
therefore, will return the piston 204 to its open position 
which will again allow the fluid to flow through exit port 
83. 

[0053] The piston 204, the spring 250, the fluid pas- 
sageways 186 and 188, and the solenoid valve assem- 
bly 1 32 comprise one embodiment of the movable cover 
module of which covers the exit port 83 when a signal 
is sent from the printed circuit board 108. 
[0054] It will be understood by those skilled in the art 
that joint locator 28 may also be configured such that 
the exit port 83 is normally closed and the momentary 
actuation of the piston 204 by the solenoid valve assem- 
bly 132 may be used to open the exit port. In this con- 
figuration, the pipe joint would be detected by a surface 
detectable drop in the fluid pressure. This process for 
detecting the location of pipe joints may be repeated as 
many times as desired to locate any number of pipe 
joints The only real limitation in this procedure is the life 
of the power source. 

The Fracturing Mode 

[0055] In order to maximize the amount of oil derived 
from an oil well a process known as hydraulic pressure 



stimulation or, more commonly, formation fracturing is 
often employed. In formation fracturing, fluid is pumped 
under high pressure down the wellbore through a steel 
pipe having small perforations in order to create or per- 
5 petuate cracks in the adjacent subterranean rockforma- 
tion. 

[0056] After the joint logging portion of the job is com- 
plete, the tool may be shifted from the joint logging mode 
to a fracturing mode. This shift may be accomplished by 

10 a variety of mechanisms. In the illustrative embodiment, 
this shift between modes occurs as a result of an in- 
crease in fluid pressure caused by an increase in pump 
rate. However, in other embodiments, the shift could oc- 
cur as a result of blocking a flow exit port which would 

15 also cause an increase in pressure in the central 
throughbore of the embodiment For instance, dropping 
a ball down the coiled tubing 26 and into the central 
throughbore 72 could block a outlet port which is de- 
signed to couple with the ball. Such an action would also 

20 cause an increase in fluid pressure which could trigger 
a shift in operational modes. 

[0057] In the illustrative embodiment, the joint logging 
mode is normally conducted at a pump rate of around 1 
barrel/minute. After the logging portion is complete, a 

25 user can shift to the fracturing mode by increasing the 
pump rate to a predetermined increased rate, such as 
4 barrels/minute. At the increased flow rate, the back- 
pressure in the central throughbore 72 will approach a 
predetermined pressure, such as 2850 psi. 

30 [0058] When the backpressure inside the central 
throughbore 72 reaches the predetermined pressure, 
the shear pins 286a-286b will shear. This shearing al- 
lows the fluid pressure to move the flapper sleeve 264, 
the flapper seat 278, and the flapper seal retainer 280 

35 down the bore 282. Once the flapper seal retainer 280 
has moved past lower edge of the circulating sub 216, 
the snap ring 284 will expand. This expansion will lock 
the flapper seal retainer 280 in place. Such a condition 
is illustrated in Fig. 5c where the flapper seal retainer 

40 280 is resting on the seat 231 of the bottom sub housing 
224. Once the flapper sleeve 264 slides down, the flap- 
per sleeve 264 will then cover the exit port 83. With the 
exit port 83 covered, continued pumping will create an 
even greater backpressure. When the back pressure 

45 reaches a second predetermined pressure, such as 
4500 psi, the rupture disk 276 will rupture, allowing the 
fluid to exit from the opening 233. 
[0059] Thus, the entire central throughbore 72 of the 
illustrated embodiment may be used for fracturing oper- 

50 ations. At this point, the illustrated embodiment func- 
tions as a conduit for fracturing fluids. 
[0060] Although only a few exemplary embodiments 
of this invention have been described in detail above, 
those skilled in the art will readily appreciate that many 

55 modifications are possible in the exemplary embodi- 
ments without materially departing from the novel teach- 
ings and advantages of this invention. For instance, the 
collar locator module 76 could employ a giant magne- 
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toresistive "GMFT digital field sensor for electro magnet- 
ically sensing the presence of pipe joints. In this alter- 
native embodiment, the GMR device can sense an in- 
crease in the mass of a pipe section indicating the pres- 
ence of a pipe joint as the locator moves through the 
wellbore. A GMR digital field sensor can then provide a 
signal to a controller or a circuit board in a manner sim- 
ilar to the illustrative embodiment described above. The 
GMR digital field sensor, however, is considerably 
smaller than a magnet/coil assembly and can even be 
included as a component on a circuit board. Such an 
embodiment would eliminate the need for a coil and 
magnet section 80 and allow for a reduced size and 
weight of the embodiment. Such GMR digital magnetic 
field sensors are available from Nonvolatile Electronics, 
Inc. of Eden Prairie, Minnesota. 

[0061] The foregoing descriptions of specific embod- 
iments of the present invention have been presented for 
purposes of illustration and description. They are not in- 
tended to be exhaustive or to limit the invention to the 
precise forms disclosed, and obviously many modifica- 
tions and variations are possible in light of the above 
teaching. The embodiments were chosen and de- 
scribed in order to best explain the principles of the in- 
vention and its practical application, to thereby enable 
others skilled in the art to best utilize the invention and 
various embodiments with various modifications as are 
suited to the particular use contemplated. 



Claims 

1. A downhoie tool for attachment in a production 
string in a well bore having a casing comprising: a 
housing having a first fluid passage and a longitu- 
dinal axis; a valve coupled to the housing, the valve 
adapted to substantially block a flow of fluid through 
the first fluid passage in a first direction; a second 
fluid passage positioned through the housing in 
communication with the first fluid passage to permit 
the flow of fluid to exit through the second fluid pas- 
sage; a movable cover module coupled to the first 
fluid passage such that in response to a first elec- 
trical signal the movable cover module substantially 
blocks the flow of fluid to the second fluid passage; 
and a flow diverting module positioned within the 
first fluid flow passage such that in response to an 
increase In fluid pressure the flow diverting module 
diverts the flow of fluid from the second fluid pas- 
sage to the first fluid passage. 

2. A tool according to claim 1 , further comprising a col- 
lar locator module coupled to the housing adapted 
to generate the first electrical signal in response to 
a detection of a joint in the casing. 

3. A tool according to claim 2, wherein the collar loca- 
tor module comprises: a detection coil wound about 



the longitudinal axis; a plurality of magnets coupled 
to the detection coil and axially disposed about the 
longitudinal axis of the housing; and a control circuit 
coupled to the housing in electrical communication 
5 with the detection coil, wherein the control circuit 
determines whether a change in voltage from the 
detection coil indicates the detection of a joint and 
generates the first electrical signal when the joint Is 
detected. 

10 

4. A tool according to claim 2 S wherein the collar loca- 
tor module comprises: a giant magneto resistive 
field sensor; and a control circuit coupled to the 
housing in electrical communication with the, giant 

*5 magnetoresistive field sensor, wherein the control 
circuit determines whether a second electrical sig- 
nal from the giant magnetoresistive field sensor in- 
dicates the detection of a joint and generates the 
first electrical signal when the joint is detected. 

20 

5. A tool according to any of claims 1 to 4, wherein the 
valve is adapted to permit the flow of fluid through 
the first fluid passage in a second direction. ; 

25 6. A tool according to claim 5, wherein the valve; com- 
prises a flapper element, hingedly coupled to the 
first fluid passage such that the flow of fluid in the 
first direction moves the flapper element to a closed 
position such that the flapper element substantially 

30 blocks the flow of fluid through a portion of the first 
fluid passage, and the fluid flow in the second di- 
rection moves the flapper element to an open, posi- 
tion such that the flapper element permits fluid flow 
through the first fluid passage. 

35 

7. A tool according to any of claims 1 to 6, wherein the 
second fluid passage extends transversely through 
a side of the housing and comprises a nozzle to limit 
the flow of fluid through the second fluid passage. 

40 

8. A tool according to any of claims 1 to 7, wherein the 
movable cover module comprises: a hollow ^cylin- 
drical piston disposed longitudinally around the first 
fluid passage adapted to slidably move between an 

45 open position and a closed position, wherein an the 
closed position the piston covers the second fluid 
passage to substantially block fluid from entering 
the second fluid passage; a spring positioned axi- 
ally around the piston to exert a longitudinal biasing 

50 force upon the piston to normally maintain the pis- 
ton in the open position; a third fluid passage in 
communication with the first fluid passage and the 
piston; and a solenoid valve coup led to the third fluid 
passage, wherein the solenoid valve is normally bi- 

55 ased to a seat position to close the third fluid pas- 
sage and in response to the first electrical signal ac- 
tuates to open the third fluid passage such that fluid 
pressure in the third fluid passage causes the piston 
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to move from the open position to the closed posi- 
tion. 

9. A tool according to any of claims 1 to 8, wherein the 
flow diverting module comprises a hollow cylindrical 5 
assembly positioned around the first fluid passage 
adapted to longitudinally move between an open 
position and a closed position, wherein in the closed 
position the cylindrical assembly covers the second 
fluid passage to substantially block the second fluid 10 
passage. 

10. A tool according to claim 9, further comprising a 
shear mechanism coupled to the cylindrical assem- 
bly and to the housing such that the cylindrical as- 15 
sembly is normally retained by the shear mecha- 
nism in the open position, wherein the shear mech- 
anism is shearable at a predetermined force achiev- 
able by a first predetermined fluid pressure, wherein 
when the shear mechanism is sheared the cylindri- 20 
cal assembly is movable from the open position to 

the closed position. 

11. A tool according to claim 10, further comprising a 
rupture disk set to rupture at a second predeter- 25 
mined pressure to allow the flow of fluid through the 
first fluid passage. 

12. A tool according to claim 2, 3 or 4, further compris- 
ing a power source and a time delay circuit for pre- 30 
venting power from being communicated from the 
power source to the collar locator module and the 
movable cover module until after a preselected 
time. 

35 

13. A tool according to any of claims 1 to 12, wherein 
the housing comprises an upper end adapted for 
connection to a length of coiled tubing whereby the 
tool may be moved within the production string in 
response to movement of the coiled tubing. *o 

14. A tool according to any of claims 1 to 13, wherein 
the housing comprises a lower end in communica- 
tion with the first fluid passage, wherein the lower 
end is adapted for connection to other downhole 45 
tools. 

15. A downhole tool for attachment in a production 
string in a well bore comprising: a means for detect- 
ing joints in a casing; a means for signaling the de- so 
tection of joints in the casing; a means for selective- 
ly allowing backwashing operations; and a means 

for selectively allowing fracturing operations. 

16. The downhole tool of claim 15 wherein the means 55 
for detecting joints further comprises: an electro- 
magnetic coil means for inducing a magnetic field; 

a sensing means for detecting changes in the mag- 



netic field and for sending signals in response to a 
detection of changes in the magnetic field; and a 
controller means for determining if the signals indi- 
cate the detection of joints in the casing. 

17. The downhole tool of claim 15 wherein the means 
for signaling the detection of joints in the casing 
comprises: a means for allowing fluid flow into a first 
fluid passage within the tool; a means for selectively 
allowing the fluid flow in the first fluid passage to 
flow through an exit port; and a means for selective- 
ly increasing fluid pressure within the first fluid pas- 
sage in response to detection of joints in the casing 
by stopping the fluid flow through the exit port. 

18. The downhole tool of claim 17 wherein the means 
for selectively allowing backwashing operations 
comprises a means for allowing fluid flow to enter 
the first fluid passage via a second fluid passage in 
response to a change in fluid flow direction. 

19. The downhole tool of claim 15 wherein the means 
for selectively allowing fracturing operations com- 
prises: a means for allowing fluid flow into afirst fluid 
passage within the tool; and a means for selectively 
allowing the fluid flow in the first fluid passage to 
flow through an exit port. 

20. A method for fracturing a well having tubing posi- 
tioned in a well casing, the method comprising: cou- 
pling a joint-locating tool to a lower end of the tubing, 
the joint-locator tool having a throughbore, a collar 
locator module, an exit port, a one-way valve, and 
a modeswitching module; Injecting fluid at a first 
predetermined rate into the tubing such that the 
joint-locator tool operates in a jointlocator mode to 
detect the presence of joints in the well casing; in- 
ducing the mode-switching module to switch from 
the joint-locator mode to a fracturing mode; and in- 
jecting fracturing fluids into the tubing and through 
the joint-locator tool such that the well can be frac- 
tured. 

21. The method of claim 20 wherein the inducing step 
comprises increasing the fluid injection rate to a 
second predetermined rate to increase pressure 
within the throughbore such that the mode-switch- 
ing module switches from the jointlocator mode to 
the fracturing mode. 

22. The method of claim 20 wherein the inducing step 
comprises plugging a fluid passageway to increase 
pressure within the throughbore such that the 
mode-switching module switches from the joint-lo- 
cator mode to the fracturing mode. 

23. The method of claim 20 further comprising injecting 
fluid between the casing and the tubing to operate 
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the joint-locator tool in a back-washing mode to re- 
move debris in the well. 

24. The method of claim 23 further comprising: injecting 
the fluid such that the fluid and debris flow into the 
bottom of a lower end of the throughbore; and mov- 
ing the one-way valve into an open position to direct 
the fluid and debris out of an upper end of the 
throughbore and back up the tubing. 

25. The method of claim 20 wherein the injecting fluid 
step comprises: injecting the fluid into an upper end 
of the throughbore; and positioning the one-way 
valve into a closed position such that fluid entering 
the throughbore is diverted to the exit port. 



position of the joint; and opening the exit port. 

31 . The method of claim 28 further comprising: injecting 
the fluid such that the fluid and debris flow into a 
5 bottom portion of a lower end of the throughbore; 

and moving the one-way valve to an open position 
to direct the fluid and debris out of an upper end of 
the throughbore and back up the tubing. 
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26. The method of claim 25 further comprising: detect- 
ing a joint with the collar locator module; closing the 
exit port to increase fluid pressure within the 
throughbore; recording the increase in fluid pres- 20 
sure to signal the position of the joint; and opening 
the exit port. 

27. The method of claim 20 wherein the inducing step 
further comprises: increasing fluid pressure within 25 
the throughbore; shearing a shearing mechanism 

in response to the increased fluid pressure; moving 
a cover to block flow of fluid to the exit port thereby 
further increasing fluid pressure within the 
throughbore ; and rupturing a rupture disk posi- 30 
tioned in the throughbore to allow the fluid to flow 
through the throughbore. 



28. A method for removing debris from a well bore hav- 
ing tubing positioned in well casing, the method 35 
comprising: coupling a joint-locating tool to a lower 
end of the tubing, the joint-locator tool having a 
througbore, a fluid ejection port, a collar locator 
module, a one-way valve, and an exit port; injecting 
fluid into the tubing such that the jointlocator tool *o 
operates in a joint-locator mode to detect the pres- 
ence of joints in the well casing; and injecting fluid 
between the well casing and the tubing to operate 
the joint-locator tool in a back-washing mode to re- 
move debris in the well. 45 



29. The method of claim 28 wherein the injecting fluid 
into the tubing step comprises: injecting the fluid in- 
to an upper end of the throughbore; and positioning 
the one-way valve into a closed position such that 50 
fluid entering the throughbore is diverted to the exit 
port. 



30. The method of claim 29 further comprising: detect- 
ing a joint with the collar locator module; closing the 55 
exit port to increase fluid pressure within the 
throughbore in response to detecting the joint; re- 
cording the increase in fluid pressure to signal the 
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